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TITLE OF THE INVENTION 

ORGANIC ELECTROLUMINESCENT ELEMENT 

CLAIMS 

1 . An organic electroluminescence element formed between an anode layer 
and a cathode layer and having a hole transporting layer and a light-emitting layer, 
wherein the hole transporting layer is composed of a polymer having a repeating unit 
represented by the formula [Formula 1]: 
[Formula 1] 



wherein R represents any of hydrogen, an aliphatic hydrocarbon group, an aromatic 
hydrocarbon group, an ether group, and a heterocyclic group. 

2. The organic electroluminescence element according to claim 1, wherein the 
polymer consists of a copolymer having a repeating unit represented by [Formula 1]. 

3. The organic electroluminescence element according to claim 1 or 2, wherein 
R in the repeating unit represented by [Formula 1] consists of an alkyl group having 10 
or less of carbon atoms. 

4. The organic electroluminescence element according to claim 1 or 2, wherein 
R in the repeating unit represented by [Formula 1] consists of an alkoxyl group having 
10 or less of carbon atoms. 

5. The organic electroluminescence element according to claim 1 or 2, wherein 




R 
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R in the repeating unit represented by [Formula 1] consists of a substituent having an 
aryl group. 

6. The organic electroluminescence element according to any one of claims 1 
to 5, wherein the substituent represented as R in [Formula 1] or the molecular weight of 
the polymer is selected so that a luminescent substance forming the light-emitting layer 
is soluble in a solvent in which the polymer is insoluble. 

7. The organic electroluminescence element according to claim 6, wherein the 
solvent consists of any of n-pentane, hexane, heptane, n-octane, n-nonane, n-decane, 
1-decene, methylcyclohexane, cyclohexane, 1~chloropropane, tetrachloromethane, 
ethylbenzene, and m-xylene whose solubility parameter at room temperature ranges 
from 7.0(cal/cm 3 ) 1/2 to 8.9(cal/cm 3 ) 1/2 so that the solubility parameter of the polymer at 
room temperature ranges from 8.9(cal/cm 3 ) 1/2 to 10.0(cal/cm 3 ) 1/2 . 

8. The organic electroluminescence element according to claim 6, wherein the 
solvent consists of any of a-bromonaphthalene, nitroethane, acetonitrile, and 
nitromethane whose solubility parameter at room temperature ranges from 
10.0(cal/cm 3 ) 1/2 to 13.0(cal/cm 3 ) 1/2 so that the solubility parameter of the polymer at 
room temperature ranges from 8.9(cal/cm 3 ) 1/2 to 10,0(cal/cm 3 ) 1/2 . 

9. The organic electroluminescence element according to any one of claims 1 
to 8, wherein the light-emitting layer has a dopant which emits phosphorescence. 



[0026] The hole transporting layer 20 is a layer that transports a hole to be injected 
from an anode layer 10, and is an organic layer containing a hole transporting organic 
substance. Preferable examples of the hole transporting layer organic substance 
include polymers such as NPD shown in [Formula 3]; PVK shown in [Formula 4]; and 

^[Formula 3] 
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"[Formula 4] 
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[Formula 5] 




[0028] poly(para-phenylenevinylene) shown in [Formula 5]. Alternatively, examples 
thereof include TPD shown in [Formula 2]; 

*[Formula 2] 




[0029] 
[Formula 6] 



[0030] carbazole biphenyl (hereinafter referred to as CBP) shown in [Formula 6]; 

[0031] 

[Formula 7] 



[0032] 4,4'~bis(10-phenothiazinyl)biphenyl shown in [Formula 7]; 

[0033] 

[Formula 8] 




[0034] copper-phthalocyanine shown in [Formula 8]; the following [Formula 9] having a 
repeating unit in which R in the formula [Formula 1] is a phenyl group; and a 
polycarbazole compound shown in [Formula 10]. 
[0035] 
[Formula 9] 
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[0036] 

[Formula 10] 




[0037] wherein m and n represent a positive integer having a relation of m=2n. 



[0048] On the other hand, a dopant 41 of the light-emitting layer 40 is a substance 
which emits phosphorescence with an excitation energy of the host agent 42 used as 
an exciton. 
[0049] 

[Formula 15] 




[0050] Examples thereof include tri(2-phenylpyridine)iridium complex shown in 

[Formula 15] (hereinafter referred to as lr(ppy) 3 ); 
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[Formula 16] 
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[Formula 17] 
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[Formula 19] 
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[0057] wherein acac represents 
[0058] 

[Formula 22] 

yCHa 
yO-CH 

[0059] a functional group represented by [Formula 22], and the same is applied to the 

following chemical formulae shown in [Formula 23] to [Formula 27], 

[0060] 

[Formula 23] 
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[Formula 24] 
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[Formula 25] 
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[Formula 26] 
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[Formula 27] 




[0065] Iridium complex compounds represented by [Formula 16] to [Formula 21] or 

[Formula 23] to [Formula 27]; 

[0066] 

[Formula 28] 



CaH 6 CzHa 

[0067] 2,3,7,8,12,13,17,18-octaethyl-21H,23H-porphine platinum(ll) shown in [Formula 

28] (hereinafter referred to as PtOEP); 

[0068] 

[Formula 29] 



[0069] 3-(2'-benzothiazolyl)-7-diethylamino coumarin shown in [Formula 29] (hereinafter 





referred to as coumarin 6); and 
[0070] 

[Formula 30] 




[0071] (2-methyl-6-(2-(2,3,6,7-tetrahydro-1H,5H-benzo(ij)quinolizine-9-yl)ethynyl-4H- 
pyrane-4-ylidene)propane-dinitrile (hereinafter referred to as DCM2) shown in [Formula 
30]. 
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PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element capable of being driven at low 
voltages and enhancing emission efficiency. 
SOLUTION: In the organic electroluminescent element formed 
between an anode layer 10 and a cathode layer 70 and having a 
hole transport layer 20 and a light-emitting layer 40, the hole 
transport layer 20 is composed of a polymer having repeating 
units represented by the general formula [I] wherein R 
represents either of hydrogen, an aliphatic hydrocarbon group, 
an aromatic hydrocarbon group, an ether group, or a 
heterocyclic group. 
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3. 4-*+tyr i /-* (WTKBND 

£M>0„ ) 
[0086] 
[fb3 7] 

[0 0 8 7 ] Cft3 7 ] tC7^3tl*4, 4' -t'X 

(l, l - tr^ (4 -^rt^ x^jb) x-^-no tr? 
x:~;U (WTDTVB i ±*>^5. ) , 
[0 0 8 8] 
[ft3 8] 



20 



40 




N~N 




H 




V. OC(CH 3 ) 



[0 09 2 
[ft 4 1 ] 




30 [0 0 9 3] 
[ft4 2 ] 




C(CH3y 



[0 0 9 4] [<t3 9 j 71S[ffc4 2] fc7j*1\fc 

[0 0 9 5] 
[fU3] 




50 



13 

[0 09 6 ] 
[<U4] 

[0 0 9 7 ] [fb4 3], [ft44]t«tJ;WMJ 

[oo98] sfc, nmmm bob, m&jh 70*6 
[0 09 9] ccc, n^HoattiB^^oWi or, 

[(t3 1 ] (CtpI'PBD, [(b3 3 ] {CtKT A 1 q 3, 
[fb3 4] ^tTAZ, [fk3 5] KtSI-DPVB 
i, [<b3 6] iC^-TBND. [<b3 7 ] it^t DT V 
Bi, [{b38] KTrf BBD&£''&WSCi#"C& 

[ o i o o i *fc. m+mm±mft*<DMt or, [fb 
39]7!>2 [fb4 2] rmStisJ: J >«ct+-y-^ry- 
JWiWWH^k^*, Hb43], Hb4 4] rmSft* 

[0101] 
Efb4 5] 

[0102] (HjM[(b4 5 Rtt*Jft, 

[0103] »3fcaW©3 &&<&|Sl±^»©tflfJWt<D 

S##ji&t^H&tel;ifc&©£ LT, 02 T^SISI 5 jcij* 

[0104] 0 2 r^S ft u# ha;l/**s>-fe 

7 * >X3RT©$ l ©!»ffi$£7nT„ 19 1 ©ST-7a 
v tms 0 £0.7*0 jj|5 0 <b#£HSSttr(,>a 
El 2 K fci,* r . jETLNtiSH 2 o (c 'IT- y'& y t> WiM 

&. Wrf-m&M e o KiEiL'/n -y ^sfc-e-ft-eft^t 

[0105] @3r7jx3n4Wt»iUi' hP^3^7-b 

7 3 o tiEn-su vmhot 

M&JH 1 0 £Oi^Ji}2 0 £©ftijKO&Att'«r 
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*M3ft§E?l&A»2 1 *iMmi/fc 
[0106] OftAttt«£ ItB, fciAtf. tfb 
8 ] K^T * 7 ^' - 7 £ a is7 ~ <b'©^JS ■? f a 

[0107] 
[jb4 6] 



10 




[0108] [fb4 6 rem 3 tt 3, tft'J (3, 4) 

(WTPEDT/PSS £*>(,>$. ) , &^*«Plf6*l 

[0 I 0 9 ] IH 4 t^^hSfix U £ h 5 * "J -fe: 
20 >x^T-©«^««, HirwtR^lta**^. ST 
7p 7^13 o££Bgi,fc&©r*s. 

[0 110] 0 5TTs$txS#li-i-U^ hP;l/5^?-b 
7a ? *JB3 0 £OL7n ? ^H5 0 £*$WU 1T 

tt&iie o i&«7 o tom^m^&.xmmv^m 

3ftS*T&AH6 l*iiftlLfc<>a>"C*4. 
[0111] «m\tt&*±0rtt. fcaK, 7 9 

[0112] 
30 [fb4 7] 




: o i 13] [(b4 7 ]r^§n^8 - 1 KP*f f 

h »; 7- A (feJTL i q £ fctO. ) «t£W6 

ft£„ 

[01 14] fcic. 0 2 &#2fePJ1©$ 1 ©*WJffi.i b 

r . win* ud>hBA5*»-fe > ^ jR^WJfc&ftiaii 
40 wtz>. 

[o i i 5 ] s« (®TvifT) tumwtm& 

fl?*/c»»IBcr*c<b<>nlftBr*-5. -eor« $1©$ 
W*fflC>fcSMffi«:J:oT, llfilii o ±KjE?LllWHB 
2 0 *»JSR^*. 
50 [0117]$ 6(C. H3teH4 0© K-7"ff"l4 1 <br.hX 



15 

h m Ait zmmicmms. tm^m u im 2 <Dmm~ ft 

%®M&fcUftffot&ZtknmVi!b6, fit, 
OiKai4 0?;M1"i. 

[o 1 1 s] S6(c, *?t&^»#7-*fcw«**fta 

T-S. CCf, $3©S$<(t, $6tos/>#l5#-?-& 
$8?£fctt#t5(-f * C t fc"mfi8-C*S. ^©$3 ©?§*# 
*J8HfcfiSfc6 J: o t , 163618 4 0 ±tc*-?*KaW 8 10 

[o i i 9 ] & tc. m2<Dmw.titm^tc®m(D®M&^ 

H2 0te£*ft4!ftW <IEfttt&tti«#**fcttiE7Ltt 
[0120] CCT, iEIL^iiJl 2 0 fc£**l4iE?llft 

aittttHoaawiff^^ j« - nmm^&c^x 8.9 20 

(cal/cm i )" ! H110. 0 (cal/cm 5 ) 
1 ' ! fclTC * h t , 0 2 ® jgjfttc AH > S *g&R£jit*K U A 

[0 1 2 1 ] Cfbl ] 

[ ft 1 ] *©R^i L «<&3i^T'S C £ K 

j; o zcomwM^u ~ % mmzmmt a c <t a*?* 
a. tocg^tcu-c. jRUft^ttJtfc*. [-ft 1 ] « 
» 0 oM uw. £ 0 T Wi" * ££{*©3iaic w a y&MJt 

9 (ca 1 /cm 1 ) '"JiLkl O. 0 
(c a I/cm') '"^(Dmmcibh^^^Cbfct 30 

-WlWk BP%, 7. 0 (cal/cra , )" , ai 
8. 9 (cal/cm 1 ) 1 ''*, 10. 0 

(c a 1/cm 3 ) 1/i J:*^#< 1 3. 0 (ca t/c 
m 3 ) "*ttT«:*5»i«*ffll,>Si. iE?LttfiW2 0K 

^•/-;Ht^»4ig»-r4C iiCc < I63I6JS4 0 fcigfiW 

sci^tts, a*, hmmmmfc^x. 7. 0 

(c a l/cm') '"OTSfclJl 3. 0 (cal/c 

[0122] ±8B»2©8*Kffll>SifflK©W<fc LT, 
n--0£> MfcfcW WTI3] 
D:7. 05 (cal/cm 1 ) 1 "), (7. 
30 (cal/cm , )" ! ) > (7. 4 5 

(c a 1 /cm 3 ) ,/! ) , n-*V*y (7.5 4 
(c a 1 /cm') , (7. 6 4 (ca 

|/cm ! ) ,/! ), n-r^>(7. 74 (cal/ 
cm') . 1 (7. 8 5 (cal/c 

m 3 ) ,/! ) . ^^JU^f a^-y-^ (8. 13 (cal 50 
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/cm') 1 "), (8. 2 0 (cal/ 

cm 1 )" 1 ). l-i'PPT'PA/ (8, 3 0 (cal 
/cm 1 ) . f l-)i'DP^*> (8. 60 (c a 
1/cm 3 ) 1/2 ) , X*\rt"<>H2f> (8. 7 0 (ca 1 
/cm') 3/i ) , m-^>U> (8. 80 (ca 1/c 
m J ) 1/2 ) , a y'U-ei-y £ 'J > ( 1 0. 60 (cal 
/cm'C'l^l-W^dl. 10 (cal/ 
cm J ) 1/2 ). T-b h-=- h U;U ( 1 1 . 8 0 (c a I / 
cni J ) 1/2 ) , ■=■ l-Pt^i?> ( 1 2. 7 0 (ca I/c 
m 3 ) ,/J ) ftiWtfkfta. k^a/v, »2©««0!> 

— 7. 0 ( c a l/c in 3 ) 1 ' ! felt 8 . 9 (ca 
1/cm 3 ) *fc«, 10. 0 (cal/cm 

3 ) 1/J ct'9^:*<, lol3. 0 (cal/cm') 1 " 

fgiHtPKffi $ n a *> ©-c & t >. 
[o 1 23] tic. msvmmm^&wimmm^ 

M4 OK^SShStt* ( K~7'fll4 1 , hffJ42R 
^^>^77j:<!;') KttlyTnJilflOTi**^*** 

»i6 o©ff»te^r. h>'(©-B)tii%'4 oi.cr-j*t>.>;> 

[0124] C©B#. ±«B©^ 1 7!)S»3 ©JgjRtCffll^ 
iMJR 2 0 i §mm 4 0 £ fBiMA jSIB 6 0 £ 3 ft 

a. c©ta&, ml tmmmmcjz&ms. mm 

[0125] ^ISWCffifflSftSSSClStCW, /<:£*.«: 

» H^X'i4i f 'j:£'©MS©Mi*%3:fta,. 
[0126] ftftK, ttTtt&H 6 0±(C, E*^^ £ 

zm^rmm i o *«w©w^i i^np 

5 * 42 > X ^-7-^t# 6 ft 6 „ 
[o l 2 7 ] WS^7^^sPtt, 
|AH, 4r V ©}g(ft<D*fi>l* SB T fc (< » 
SP= { (AH-RT) /V) 

(mi : (ca 1/cm') "') t<b"3, AHtt* 
mMM\ (mi. :oal/mol)t*9, RfiMlilE 
SfC <<Mft : c a 1 / (mo 1 • K) ) "C*«3. T(»t 

: K) -C*0, Vtt*;K*« (#ffi: cm 3 
/mo I ) t 5 *^., 

[ 0 1 2 8 ] *fc. 03 tt. *IBW©W<«x U f H 0 * 
5 * -v 12 > XS-7-©m 2 ©SaWPK-C* 0 . ±§u0 2 V 
S^JI7»SjSlgf, xE?L$b1SW 2 0 ©IfJiS 
if(C . WttJfl 1 0 ±{C P E D T te £'©iE?Lffi Att'^M * 

iSi^icj:(3)SMb-ciE7LffiA , i2 1 mmudm. 
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i*iHli£A»2 l±K±JBH2i|HWMc, jE7LNtigM2 

jgfiSi- 4«utcs**fir f# h ft . 

[0 1 2 91 *fc, H4B, *»M©««ixU^hOJW 
5 * 7 -b > 7$&am 3 ©SBW&IBW * 0 . ±130 2 -c 

B'JtC, »36»4 0±K. BCP&4©IE?L-/n7 *tt#| 
9t$3$*&tc,I: 0 flftHl/rJETL^a » *B 5 0 vmx, 
fcSHc. WEJl^ta 7 ^ffl 5 0 .Bt, ±I3H 2 4 IHHK 

•i«ii/se o ii^si7 o t&mxm?mm.m 

[0130] 05 a, *9&W<D-4mxis9 h PJb 
5 * 7 -fe > * 3R^H)» 4 ©mwBMrc * •> . ±130 2 r 
3 ft S ^-7-^iS©MiiXS4i , PMIffl 7 0 ©J^fiSM 

k . mrmm'i boik, ? •» i t y * ^ a * 4 ©n^ & 

LfctMC. SW^ffiAJBe 1±K. ±130 2 ibftttKlft 
ffi)H7 0 *JBST*«»Ig*eT»&ft«. 
[0131] 

>»«BJtt¥^iB («T#-Hfi4S5„ ) 6 0, 00 0 
©ffl£#6nig- * 1 m 1 © 1 , 2*J#uaxii>'Ct&ffl 

I TO«fg± (TfjfU TO, ffifimtK : 2 0 Q/OW 
T) (t&tt 1 *g|1KJK 1 0 0 0 r p m , 1 #ftf)t?* £ > 
a- h-ra*(C J: 0 5 0 n m©M/?©IE7Lil>j£l8&f# 
fc. 

[oi32] jE^\mmmncM^MM'^mc^n^ 
io- j Pa x-imnt vt. [ft 1 3 ; xmrox d - i 

i [ft 1 5 ] Xfjk? I r ( p p y ) , 4ft. I r ( p p * 
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*y) 3 #6. 5 S»%tC &&<];';(<:, OXD-l©lt 
>IK4 bX 1 n in/ s e c XMiMb 2 0 n m©PJ»&t 
JjXUlU *F*H3Mt£0TA 1 q3^itasgl nra/ 
s e c V 5 0 n mOMJVKJiSM U , , 7*5-') 
A4 y^Aft, y*9A#lK<fctt&*9KJIMiauft 
1 nm/s e c vm^bxmmmox. 02(C^ 

[0133] C©ll#, 4 V (UBSWEE, WTPID) , 1 
mA/c m ! JWTPJ 0 ) V 5 0 0 c d /m ! 

io ©*§fe©&#ftfflfc. 

[0 13 4] [tfc«Wl] [ft 9] ©#b«JK: [ib4] 
iC^T7>T-fi 1 , 1 0 0, 0 0 0©PVK4ftffiUdJl 
Wi. [ SWJ 1 J 4 PJffifcH 2 t,Cm?m-7-mfc u 
fc 0 C©n$, 7V, lmA/cm'tSOOcd/m'O 

[0135] [ fcttiWI 2 ] [ ft 9 3 «J ^ [ f t 3 ] 

fcffs? N P DftfiOT L.IStt-C«»fiSbfc«ii-». L*» 
Ml] 4|3H«teBI2tC7jsf3R^*f^fiJ5ly)t. C©»3©1 
1 0 " 3 P a 'C^»aiS 1 n m/ sect 
20 fro/c. C©B$, 5 V, 1 mA/cm'-C40 0 c d/ 

[0136] [mm\2~~Q] RV [JtlGW3, 4 ] 
[{t9l ©#ft<3CC. [ftl ] tpORKftB [all] JC 
^<rB$!«ftfflWc [ftl ] ft^OiiLWAiurwi- 

ss^f**ttfflL//c^Mi. [**wj i ] m imm 
i ] , [ mm 2 ] 4 pj#«c0 2 K^-r*^*fiFss o 

fc„ C<DB#©^tttt-r^r6 0. OOOibfciC 

rsa [hi ] K^ms»*©»**f»fc. 

[0137] 
30 [HI] 





R 


1 mA/onrf-COttte 


fcffi (V) 


»K(od/ftO 


2 


CH Q 


40 


500 


3 




4 0 


500 


4 


C (CH a ) a 


4.0 


500 


6 


C $ o H 2 1 


4.2 


500 


6 


OC (C H a ) a 


4.0 


450 


7 


O C 1 o H 2 1 


4.2 


450 


G 


Cq H 4 C H 3 


4.0 


500 




C, Z H 8 N 


4. 1 


520 




C 1 1 H 2 3 


4.4 


400 




O Ci ■) H g 3 


4.4 


400 



[oi38] t mmn 5 ] 1 1 mm 3 1 1 % . i: 

W6] 4 [tbRW4] 4«rJt«-r4i. R4LTg$3 

*a©^S'«!« 1 0 wr^a* b^c tj&s*>*>*. 

[0 13 9] [^tef?i)10; I TO».tS4J£7LftiMJM4 
©RHtcOlffiAJBi LT, xK'J (3, 4) 
+-^-3f-^7 ^> (P E DT) ft[Sl$Eit4 0 0 0 r pm, 

1 0#MWf>3- hKJcO 5 0 n ra©Mi?-C)5ML/ 



fiSL/fc„ C©0$, 3. 8V, 1 mA/cra'-C4 8 0 c 
d /m 1 ©»&©##*if» 6 tl/c. 

[0140] [»feW 1 1 ] I TO«tK4jE7Lfift^« i 
©ffl tciETLS AJH 4 L r , [ 1 1 8 ] V mt *) 7 ^ - 7 jr 
O^T->ftK^ffil 0- J Pa, »)IK0, 1 nni/ 
s e c-C2 nm©JlJf"CK^#^J;l5«U/cfe(^« 

[HJISWl] 4151^^03 K^I-^^Mofc. C© 
R#, 3. 8 V, 1 mA/cra'-C4 8 0 cd/m ! ©ifi 
©^3feft?#fc„ 

50 [0141] [ntkM 12-23] imtm 1 ] 
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1 mA/ori 




(nm) 






12 


Hbi e] 


4.1 


450 


545 


13 


[fc1 7] 


4.1 


290 


563 


14 


Hbi 8] 


4.2 


550 


525 


15 


Hbi 9] 


3.9 


360 


555 


16 


Ut2 0] 


3.9 


50 


608 


17 


Mb2 1] 


4.0 


510 


516 


18 


[fc2 3] 


4.1 


450 


545 


19 


Hb2 43 


4.1 


280 


563 


20 


Hb2 5] 


3.9 


540 


525 


21 


C1b2 6] 


4-1 


360 


555 


22 


Hfc2 7] 


4.0 


40 


608 


23 


[ft2 8] 


3.8 


15 


647 



(11) 

13 

m K-^JW© 1 r ( p p y ) ,K*M.TIB [3*2 ] Km * 
*ffc£«*«BOfcfeW» 1 ] <hRMSK:H2 K [0142] 



[0143] [mm24 ] »#JB#* hfffl©OX D - 
l(Cii [|b6] K^VrCBPfcttfllLfcWM* [£tt 
t»Jl] tH*R«cig2«:^-r3R J F-*^BSLfc. C©B3, 4 
V. lmA/cra , -C40 0 c d /m ! CD^fe©«»f# 

[0144] [sWI 2 5 ] H^ft3£)B£ l/'CA 1 q 3 

(c#^oxd- 1 ^fflu^wt-t* [iwin mm 

{C02fCm - rJR : f*^fiJ5O/c. C©H$- 4. 5V, 1 m 
A/cm ! 'C5 0 0 c d/m'©*i fe©&#;>W i^tifc. 
[0145] [ Uttffl 2 8 ] &#JR £ £ ©Wl 

(c£?L"/P ^Jfibr, [ffc3 2] fcm-rBCP*6 
n mOKi? TK^IfaHc J; 0 JftK UcfclM* [HJfiffl 2 
4] i|il«tC0 4K^tff^fWl fco C©iHL7'a 

9 ^is©i»*^«*sk i o-'Pa, mmm o . i 

nm/s e cTjnfe, C©»$. 4V, lmA/cm ! 
t?4 8 0 c d/m l 0B&<D%tfbiMhhtc Q 
[0146] [$j|ffl2 7 ] 

m-T-tf-Al £ U T , 7 ? 1 1 'J -7- 0 A & 5 n m ©AWT* 

fc„ C©«?£A«©$3Nfef ! H;m£l£ 10 o Pa, 
»it]£0. lnm/secT*ofc. 
[0 147] C©«$. 4V, 1 mA/cm'T5 0 0 c 
d / m 2 ©»&©*&#jW9 6 tifc. 
[0148] [Hfliffl2 8] [ffc,9] T^Sti, ^T-iit 
6 0, 0 0 0 ©S&{* 6 m sr * 1 ra 1 © 1 . 2 ^ ? a q 

[ 0 1 4 9 ] OX D - 1 t bX 2 . 5 mg £ 1 r ( p p 
y),iltO. 17 in jri >U ^ VlSiftJ-tbZtt 



IrS. 1 1 5, 0 00 <Di< ') ¥~)l> t*7 s.~)\> 2 . 5 m g 
i4Di-^l/>lmlK|MUT, jfflK2*fttftl< 

[0150] SiT'vXvjH^fT&^fc I TO«R± 
(rlTJR I TO, feWfttlt : 2 0 Q/Q&IT) K*« 1 
20 %iai 00 0 rpm, lf^WCX^a- h-fS* 

K J: <0 5 0 n m©BI/?<DIE?Lt&S8JB*f#fc. 
EO 1 5 1 ) S6tc. JE?L«^®±fcM2£MKtU 

OOOrpm, 1 W'CX t>3 - h &*KJ: 0 2 0 

nm©»iW©^***^Co 

[0152] K®K««ffitCj; fJ'^-flftjiJli btA 1 
q 3 1 0 - J P a , 1 n ra/ s e c t? 5 

0 n m (Ommc l$JIU ftftfc . 7 * 3 - '> A £ 'J * £ 
A£, U -7- <5 AAH % £ X 9 ICMMMIS. Inm/s 

30 

[0 15 3] CO^f, 6V, 1 mA/cm i r4 8 0 c 
[0154] 9 ] M2©0XD - 1 *C B 

PKKHuwaw* t sawn 2 8 ] tmmm2^t 

M~7-%ttf&b'fc. C©H#, 6V, lmA/cm i T4 0 

o c d /m '<Dmn<D$tMm 6 n/c 

[0155] mWQ3 0-41] jgjft2 ® I r ( P P 
y) .KBilTB [«3] tcwirit&mzimbtcm 

u mnm\2 8 ] tmmtm2t,cn<tm-*ftf&btct 

10 C6, [^3 ] fc^+»3K»*0»#JW6ftfc. 
[0156] 
[«3] 
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1 mA/onfT?(0ttft 


mm; 


ME (V) 




30 


C'fb i ©J 


6. 1 


450 


DID 


0 1 


[1c 1 7 J 


6. 1 


290 




32 


Llfc 1 8 J 


6. 2 


bbU 






Liu 1 y j 


5,9 


360 


555 


34 


[lb 2 0] 


5.9 


50 


608 


35 


Hb2i] 


6.0 


510 


516 


36 


Hlsaa] 


6.1 


450 


545 


37 


Mb 2 4] 


6.1 


280 


563 


38 


[1b 2 5] 


5.9 


540 


525 


39 


[1b 2 6] 


6.1 


360 


555 


40 


Cfb27] 


6.0 


40 


60B 


41 


[ft28] 


5.8 


15 


647 
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[0157] [mm\A 2 ] [fb4 0 ] T^ft, 
•112 0 , 0 0 0 ©ffi&#£ bXbmetl r (ppy) 
,iLTO. 1 7 mgiitn-4^l/> 1 m I (C$J$b 
■C««2*ffittL.tee«1-a [Jd*W2 8] £|W|»«C02 
fcm?JR*&fft&l>fc. C ©11$, 5V, lmA/cm' 
"C4 8 0 c d/m'©»&©lft##ft6tlfc. 

[0 15 8] [HMM4 3] [Ib4 2 ] r^sn. $H- 
120, 0 0 0 ©g£f$5 mgilr (ppy),a 
TO. 17mR£4m-*i'U>lmlte»W0T»JR 20 



*JR-T-*fpRSl//c. C©n$, 5V, lmA/cm'-C48 
0 c d/m'©#e©fB3t*^#6*lfc„ 
[0 15 9] [3£ttW4 4~4 8] [|L9]©#toO 
K, Ub 1 ] *©R i bTTlB [&4 ] fcjjVTKft** 

•?a«-r-<r60, o o o afc. t©o$, [Shik 

[0160] 
[«4] 





R 


1 mA/cr 




f m (V) 


ff*{od/rrf) 


44 


C (CHg) 3 


4.0 


500 


46 


C 1 <J H 2 1 


4.2 


500 


46 


O C j 0 H 2 1 


4.2 


450 


47 


C 0 H 4 C H 3 


4.0 


500 


40 


C 12 H rt N 


4.1 


520 



[oi6i] mmiu 9 ] m 9 3 #-7-it 

6 0, 0 0 0©ft£{*£l/-C6mg£ 1 m 1 ©1 , 2 V> 

[0 162]OXD-l£bT2. 5 m g i I r ( p p 
y) J £U-C0. 1 7mg£^'-r>^'i«^-T-£br^ : f- 
II 1 5, 00 0©* l Jt^JH;'7xi*2, 5mgi 
*m-*5>U>lml K&JK b X . 2 &fft$ U fc. 

[0163] P B D £ br 2 . 5 rag LJi4l/¥t&H- 
0, 0 0 0©#';*?-U>2. 5ml £ 
*i/d>ia's^> 1 m 1 K8JWI,t:, jgtt 3 gfftftb 
fc„ i^7 7X7M4{f&-)fc 1 TOMfii: (rfirflg 1 
TO, feflmtlg : 2 0 Q/CMT) 1 fcEWEft 

lOOOrpm, 1 #fflrx £>=(- M"£<«C J: 0 5 

[0164] jEmm±mm2%mm iooor 

p in, 1 #|Hir.X t'>n- M"&#(CJ; 0 2 0 n m©K 

[0165] 3 6«C, 0g%JR_hR:tttt 3 &|H]$S$! 1 0 0 
0 r p m . 1 WCX f>a - h f 4*tC <fc 0 5 0 n m 

[0166] ft^(C*^P.#^iBKJ; 0 , jftgtt 1 0 - 1 
Pa. IfiSglnm/sect, U A# 1 %£& 
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